In 1992, I published a paper entitled 'Hypermedia and discovery based learning: A historical perspective'. It traced the swings in the history of educational thinking between, on the one hand, support for conventional curriculum based learning and, on the other, the non-linear approach expressed by many educational commentators over the centuries. As I saw things, hyperlink technology would finally allow learning truly to mesh with the free association characteristics of the human mind. Once the technology had matured, it would be a teaching resource that would transform passive learners into active thinkers. Thirteen years on, I take a critical look at those optimistic conclusions. Are students better equipped to learn than previously? Are they able to think reflectively to a greater degree than their counterparts of a decade or two ago? This present paper addresses such questions, the result being that the guarded optimism of 1992 has turned to a deep pessimism.
Introduction
It will be appropriate to state at the outset of this paper that the opinions expressed in its conclusions are likely to be viewed as controversial. Most publications on learning technology start from the assumption that it is a Good Thing, the order of the day being the encouragement of new learning paradigms which involve active enquiry, and that good teachers are facilitators, not mere providers of knowledge. Theoretical discussions are generally concerned with constructing models to exploit the potential benefits of technology enabled learning; only very rarely is its overall value seriously questioned. Trials and experiments by and large present positive results even if accompanied by caveats. Yet a certain bias must surely be acknowledged. Professional learning technologists, decision makers involved in promoting computer assisted education, and teachers who use learning technology at the coal face, have in many cases invested significant amounts of time and energy in setting up and running technology enabled learning systems; it would be surprising if they were in the main to argue that their investment had failed to produce an acceptable return.
The notion that the future of education lies firmly in learning technology, seen as a tool of undoubted magnitude and a powerful remedy for many educational ills, has penetrated deeply into the psyche not only of those involved in delivery but also of observers, including those in power within national governments. The UK offers a prime example. The Dearing Report of eight years ago (Dearing, 1997) , commissioned by the UK Government with the aim of setting the agenda for higher education in Britain over the next 25 years, concentrated heavily on the gains, at both institutional and individual levels, to be had by the use of learning technology, and in particular by the exploitation of the Internet. Nowhere in that long report was there even a hint that moving in the direction of such technology could be anything other than advantageous. Several other governmental reports followed suit, and sizeable funds have since been made available for the implementation of technology enabled learning systems.
As a result, in British schools, as in schools elsewhere, the use of virtual learning environments is spreading rapidly, while in most universities they have already become almost a sine qua non of teaching programs. We are bombarded by the encouragements of eminent thinkers to rid ourselves of the constraints of conventional teaching, to see the flaws in the traditional academic ethos, to accept the value of new educational concepts, to adopt a holistic, discovery based approach to learning as opposed to the age old process of rote learning. That process, according to one distinguished British commentator on educational matters, has resulted in the UK always having been "a clever nation but woefully incompetent". In his opinion, the situation can be remedied only by a strengthening of the existing change of direction away from the acquisition of second hand knowledge towards a knowledge acquired by discovery and experience, since with the advent of the Internet, "nobody now needs to remember information but only where to find it". In short, "problem based activity is now the learning tool of the future" (Hills, 2004:23-24) .
It is, in good measure, the notion of the hyperlink which has led to such a standpoint, a notion which -it hardly needs to be repeated -makes the world wide web what it is, an unimaginably intricate labyrinth of interconnected nodes whose very makeup invites investigation and discovery. Vannevar Bush is rightly celebrated for his theoretical brainchild the Memex machine (Bush, 1945) , and Ted Nelson (Keep, McLaughlin & Parmer, 2000a) , and Douglas Engelbart (Keep, McLaughlin & Parmer, 2000b) for their groundbreaking ideas with respect to hypertext, although it should be added that the implementation of hyperlinks would in any event undoubtedly have become self evident with the rise of computer networks.
Moreover, the concept of links to be explored has existed almost since the invention of written communication. Only the clumsy configuration of physically written material, relying for its connections on references to other physically written material, has until our own era prevented the concept from achieving its potential, that of allowing pathways instantly to be investigated and thus, it is thought by many, for real learning to be achieved by active enquiry.
Likewise, the view that learning by discovery is superior to rote learning is hardly new, as I demonstrated in the early 1990s in a paper which traced the history of the swings of the educational pendulum between endorsement of formal, step by step instruction, and support for learning being best accomplished by individual exploration (Jacobs, 1992) .
A succinct history of discovery based learning
The aim of that paper was, then, to show that thinkers throughout the ages have punctuated the annals of educational theory with the conviction that learning should be closely allied to finding out, in preference to simply being informed. To that end, it dealt with a number of significant landmarks, beginning with the ancient Greeks. Socrates describes a lesson given to an uneducated slave in which the latter is apparently made to discover for himself the validity of a rule of geometry (Plato, 1985:82-86) . In the fourth century AD, St Augustine asserted that the true art of teaching was to stimulate a learner's curiosity (Oates, 1947) . During the Renaissance, Erasmus contended that the most effective teachers are facilitators, not dictators (Woodworth, 1904) , while Juan Luís Vives (Watson, 1913) and Michel de Montaigne (Montaigne, 1965) argued strongly for learning by individual exploration.
In the seventeenth century, Comenius laid great emphasis on the precept that learners must arrive at the truth by following paths of their own choosing (Monore, 1900) , and both Locke (Locke, 1894) and Barclay (Barclay, 1743) admonished teachers who did nothing more than dispense knowledge. From the eighteenth to the early twentieth century, Rousseau, Kant, Wordsworth, Pestalozzi, Spencer, Dewey, Montessori, Whitehead, all made a strong case for discovery based learning (respectively: Rousseau, 1955; Curton, 1899; Wordsworth, 1857:186; Guimps, 1890; Spencer, 1911; Dewey, 1938; Montessori, 1912; Whitehead, 1929) . All saw their ideas ignored, rejected or actively disallowed by their respective establishments. Rousseau's treatise on education, Émile, for example, in which he set out the first unified, child centred philosophy of learning (Rousseau, 1955) , eventually led to the burning of the book and the issuing of a warrant for its author's arrest. The Mussolini government outlawed all Montessorian schemes in Fascist Italy (Montessori, 2005) .
In the second half of the twentieth century, as the idea of the teaching machine began to turn into a reality, the argument centred around the proposals of B.F. Skinner (Skinner, 1968) and his advocates, such as Gagné (Gagné, 1975) and Rowntree (Rowntree, 1982) , and those of Jerome Bruner (Bruner, 1966) and his supporters, such as Papert (Papert, 1980) . Skinner argued for the virtues of programmed instruction. Bruner questioned the value of pre-determined educational pathways, and argued for the nonsequential form of enquiry advocated by Vygotsky, who is often cited as the primary source of contemporary ideas relating to discovery based learning (Vygotsky, 1962) .
Following the historical survey, my paper concluded with the contention that while each age has had the arrogance to believe that it has been the first to promote discovery based learning, the advent of hypermedia technology meant that a sea change was in the offing: we were, I believed, on the verge of a genuine educational revolution which could not do otherwise than to lead to better ways of learning. And, indeed, Bruner and his ilk appear generally to have won the day. There was a blip in the early 1990s when the pendulum began to swing the other way. In the UK, for example, we witnessed the Back to Basics campaign under the then Prime Minister John Major, a policy intended to improve literacy and numeracy among school children and a reaction against left wing educational strategies in which teachers had been trained to have their students find things out for themselves rather than merely to feed them information. "The progressive theorists have had their say," exclaimed Major, "and they've had their day." (Major, 1991) . The initiative was a failure, notably because of the strength of feeling among educational analysts with respect to the gains to be had from the supposedly new ways of learning and teaching, bolstered by the fact that the launch of the campaign coincided with the rise of computer networking.
Since then, the Internet, with its intrinsic emulation of the free association characteristics of the human mind, has become the overriding influence on educational wisdom. Over the last decade or so, it has led to a way of teaching and learning of which the likes of Pestalozzi, Rousseau and Dewey would have whole heartedly approved. It seems probable that even with the future backlashes which history teaches us will be inevitable, the paradigm represented by the world wide web will be an unstoppable educational force. In the light of this, it is pertinent to question the effect it has had. I was without doubt justified in concluding in my 1992 paper that the concept of hypermedia -a concept which I saw as "the best hope yet for a general acceptance of discovery based learning after millennia of rejection" (Jacobs, 1992:120) -would bring about, for the first time, a pervasive educational revolution. But was I also justified in maintaining that once the technology had become sufficiently robust, as it has now become, the effect would be to create a generation of students able to think reflectively, students whose first instinct would be to doubt before accepting off the peg ideas, to explore freely with the result that curiosity would be stimulated to the point of achieving full conceptual understanding?
What progress?
The answer to that question unfortunately has to be a barely qualified No.
There is a vast theoretical research literature on discovery based learning and allied educational methodologies: experiential learning, incidental learning, active learning, instance based learning, enquiry based learning (if they are all not identical names for the same thing) and so forth. There have been innumerable trials, often comparing cohorts of students taught by contrasting methods, and with the resulting published papers containing long lists of references which give them an air of authority. There exist throughout the world numerous organisations devoted to the principles of discovery based and experiential learning. Yet despite all the enthusiasm and excitement, the results appear to be disappointing.
As I mentioned in the introduction to this paper, published reports of failure in trials are few and far between, although there has been a fair amount of research on the pitfalls of discovery based learning programs delivered via the Internet. Weaver (2002) , for example, lists a number of such pitfalls including overestimating results, over reliance on technology, and "believing that if you build it, they will come." This latter point has a resonance which goes beyond the Skinnerian idea that the use of technology itself is sufficient to retain a learner's interest. Skinner confidently wrote of his teaching machine that "the mere manipulation of the device will probably be reinforcing enough to keep the average pupil at work for a suitable period each day." (Skinner, 1968:24) . On the whole, as general experience has shown, this has not turned out to be the case, even with today's machines which are immensely more powerful than Skinner's primitive apparatus. But it is not only a question of the appeal or otherwise of technology; it is also a question of general motivation. The feeling of many, perhaps most, teachers is that what young students crave is not to explore but rather to be receptacles of information. Schoolchildren and university students alike want, above all, handouts of lecture notes and ideas ultra-condensed in PowerPoint slide bullet points which can be learned by heart ready for regurgitation, all too often only half digested. It may be unfair to blame them when their future prospects depend heavily on the results of examinations which still tend to test retention of information rather than critical faculties, but it has to be added, regardless, that without a solid foundation of received knowledge there will be little chance of genuinely valuable learning to be had from self guided enquiry. Added to which is the fact that when students are left to their own devices, they do not always choose the best pathways for learning, a situation gravely exacerbated by the sheer amount of misinformation and unsupported opinions, not to say junk, to be found everywhere on the Internet. We are still at a stage at which, with few exceptions, the young (and many of their elders) tend automatically to accept ideas if they appear in a printed font.
Some direct evidence for the failure of so called innovative pedagogical programs is inferred in the largest global educational survey available, the one conducted regularly by the OECD's Programme for International Student Assessment (PISA). The 2003 report (PISA, 2003) offers an exhaustive comparison between the academic attainments of 15 year olds in 49 countries (representing almost a third of the world's population). Space does not allow here a discussion of the many fascinating details it contains, but in the context of discovery based learning it is worth focusing on one section of it.
Increased proficiency in solving problems, that is, in applying theoretical knowledge, is one of the principal claimed advantages of learning by discovery. The PISA 2003 report contains a statistical comparison, country by country, of the relationship between performance in mathematics (the theory) and performance in problem solving (the application of the theory) (PISA, 2003:36) . It is to be noted that students performed significantly worse in solving problems than in mathematics (differing by at least 10 percentage points) in two of the three OECD countries -Iceland and the Netherlands -where discovery-based learning has been heavily promoted. On the other hand, in all three of the OECD countries where students performed significantly higher in solving problems than in mathematicsGermany, Hungary and Japan -discovery based learning has taken less of a foothold.
What is more, while the UK has solidly promoted a policy of discovery based learning in schools for the last few years, the 2004 PISA report, which at the time of writing (August 2005) is not yet published, is said to show that the country has slipped down the league table in mathematics from 8th place in 2001 to 18th place, in science from 4th to 11th, and in general comprehension from 7th to 11th (Clare, 2004) . Notable also in this context is that in Finland, which tops the 2004 list of OECD countries, one is more likely to find a classroom lined with stuffed birds in glass cases than with computers. One must, of course, treat statistics such as these with a measure of circumspection: myriad factors influence learning and understanding. But it would be foolish to ignore what may at least be a trend, and one which should perhaps send us back to basics.
Where to from here?
An opposing view is that we have simply not gone far enough, that the current generally used mixed mode of educational delivery -a balance between exploratory learning and the straight transfer of knowledge -is too milk and water a philosophy to succeed. In other words, we might do well fully to heed the exhortations of Roger Schank, the most outspoken modern exponent of discovery based learning, by implementing educational schemes which rely not at all on traditional one way instruction. Schank contends that "[I]n the school system, learning is basically done by students sitting and the teacher talking. Well, 'you sit and I talk' is not the way people learn" (Schank, 1997: 12) . He would therefore abolish classrooms altogether (Schank & Kemi, 2000: 5 There is also a potent positive reason for not following Schanks' lead. One school of thought takes as its basis the notion of Skinnerian programmed learning without slavishly adhering to its principles. It has been well characterised in a report on mathematics education in the UK (LMS, 1995) commissioned by the London Mathematical Society. The report roundly condemned the shift of emphasis in teaching mathematics in UK schools, a shift away from basic tools towards projects and investigations, noting that "inappropriate insistence on working within a context … can often obscure the underlying mathematics", and that official advice to teachers that processes are as important as techniques fails to take into account that "to gain a genuine understanding of any process, it is necessary first to achieve a robust technical fluency" (LMS, 1995: 9) . The point, emphasised in a more recent report (Manchester 2005: 6, 10, 13) , is that in mathematics as in many other subject areas, it may often be necessary to forego the idea that one should never teach a topic which will not be fully understood by learners. Within many disciplines, it is worthwhile teaching some techniques, even if learners are not sufficiently advanced to appreciate their significance. Once such techniques have become second nature, so that little or no prior conscious thought is required to apply them, they can be used for exploring unfamiliar concepts. If, on the other hand, certain basic but difficult procedures are held back until such time that learners are deemed able fully to grasp how they work, it may well be too late for good use of them ever to be made. The view expressed in the LMS report went so much against the educational trend of the mid-1990s that one suspects its writers of being very much tongue in cheek when they stated, clearly targeting the Bruner school of thought, that harder subjects must sometimes precede easier ones, "despite recent advances in cognitive psychology" (LMS, 1995:10) .
There is, of course, no fundamental reason why a curriculum based approach should preclude the use of hypermedia for individual exploration, nor why it should lead inexorably to drill oriented procedures, parrot fashion learning by rote, and the suppression of curiosity. Indeed, a number of contemporary observers have concluded that mixed mode delivery provides the perfect half way house, one that recognises the inevitability of the use of hypermedia technology, and fully takes on board its undoubted value, without rejecting the long established, one way, master-apprentice relationship in which the teacher talks and the student listens. The approach here, then, is that of teacher controlled exploratory contexts. Bransford, Brown & Cocking (1999) , in their chapter devoted to technology supported learning (Chapter 9, , provide an excellent detailed synthesis of the differing views with respect to the use of computers in education, and although the report is now six years old, the principles it examines remain for the most part unchanged. The general stance is precisely that of encouragement to explore, but under the guidance of a teacher who, at each stage of progression, presents the essential tenets. As Bransford et al state in their conclusion:
The key attribute of expertise is a detailed and organized understanding of the important facts within a specific domain. Education needs to provide children with sufficient mastery of the details of particular subject matters so that they have a foundation for further exploration within those domains. (227) However, the numerous case studies and examples found in the Bransford report are without exception ones which recount the success of discovery based learning projects (and, typically, students making very impressive gains in understanding after engaging in them), with no mention of any possible parti pris, or criticism of methodology or reliability of results. Despite a great deal of common sense, and the caveat insisted upon that if students are left to their own devices they are unlikely to spend time efficiently (165), Bransford et al take it for granted that learning by discovery, and the Internet based hypermedia which facilitates it, are beyond any hint of disapproval. But as Laurillard points out in the most cited and most influential work on higher education teaching strategies, Rethinking university teaching (Laurillard, 2002:63) , there is no dependable research evidence to prove that any given teaching tactic is the right one. As she puts it, "we are basing the design of teaching strategy on a minimal analysis of student learning", and adds:
We cannot claim to have sorted out once and for all what students need to be told if they are to make proper sense of topic X. No matter how much detailed research is done on the way the topic is conceptualised, the solution will not necessarily be found for new ways of putting it across. The new way of telling may sort out one difficulty, but it may well create others (Laurillard, 2002: 71) .
I would go further. Being uncertain about the best tactic does not automatically necessitate rethinking, or at least not a complete rethink, Hypermedia is a relentless force. It is one which has penetrated our consciousness in much the same way as word processing has made the concept of Cut and Paste ubiquitous. While it is commonplace in the research literature to state that technology does not guarantee effective learning, it is nevertheless often taken as read that the use of hypermedia by students can only enhance the learning experience. I would say that it can do considerable harm. Not, of course, in itself, but in the way it is seen as a must-have, to the detriment of traditional tools. Constructivist epistemology calls for a multiplicity of perspectives such that learners have a range of options from which to construct their own knowledge. But many basic techniques and skills, and much knowledge, whether or not deeply understood by students, can be effectively taught only by explanation, not by promoting free exploration; otherwise one is building on sand.
It is all very well having as one's goal as an educator the freeing of the human mind to pursue its creative capacities, but such freedom does not come free: it comes at the cost of inadequacy if over emphasised, and, in particular, if offered too early. Mozart, for all his creative genius, did not discover via Brunerian guesswork how to play the piano; he had first to remember the standard fingerings taught to him by his father, even if, at the age of three, he did not fully apprehend the need for them. Within the problematical interplay of technological change and educational values, a predicament which is qualitatively different from previous areas of disquiet in the history of education, and with which all educators are now obliged to grapple, any application of the time honoured method of remembering before discovering will for my part be welcomed.
I began my brief outline of the history of discovery based learning, above (and as in my original 1992 paper), with Socrates, whose Meno is sometimes cited as containing the first recorded instance of teaching not by explanation but by gently allowing a student to re-discover a principle. Laurillard (2002:74-77) , under the heading The Myth of Socratic Teaching, takes up the gauntlet, arguing that Socrates, while appearing to tease out concepts, actually "engages in a kind of rhetorical bullying" (74) by reducing Meno's slave to helplessness. For Laurillard, this is nothing short of authoritarianism, thus the antithesis of facilitation and scaffolding. I agree, but I would not hold that this is of necessity something to be avoided. On the contrary, without such authoritarianism one often ends up with a mixed bag of disconnected, or only vaguely connected ideas, and with complaints by so many teachers, especially at university level, about the apparent ignorance of their students.
The aim of educating students such that they can transfer learning to unfamiliar problems and situations is not, in my view, achieved by giving them their reins before they have learned to walk safely. Hypermedia technology, for all its great potential, a potential undreamed of in previous eras, is a dangerous weapon in the hands of the inexpert. Nobody has put this idea more compellingly than Tom Reeves, Professor of Instructional Technology in the University of Georgia, USA, to whom I leave the last word:
Although there are many advocates of discovery-based environments for the learning of social studies, science, and even mathematics in schools, most of these people would probably prefer their brain surgeons to be trained via direct instruction. (Reeves, 1995) 
